Abstract The objective of this study was to evaluate the value of antegrade continence enema (Malone operation) in abdominoperineal resection (Miles' operation). Between January 2008 and May 2009, five cancer patients (two men and three women) underwent abdominoperineal resection and digestive reconstruction by perineal colostomy and Malone antegrade continence enema in our institution. Their functional results and quality of life were recorded. None of the patients died, but two had wound infections and one experienced urinary retention. Patients performed antegrade enema every 24 h with 2,000 mL of normal saline by themselves. The duration of the enema lasted for an average of approximately 35 min, and fecal contamination was not detected at 24 h. Patient satisfaction was determined to be 88 %. Malone antegrade continence enema associated with abdominoperineal resection and perineal colostomy provided acceptable continence. It preserved the body image of the patients and resulted in a satisfactory quality of life. It is a potential alternative for patients who are not willing to have a permanent colostomy.
Introduction
Abdominoperineal resection with colostomy after Miles' operation is the gold standard for treatment of ultra-low rectal cancer and anal cancer. Patients continue with their lives after tumor resection; however, removal of the anus causes not only a physical disability but also bowel colostomy abdominal trauma, thus greatly affecting their quality of life. Psychological pressure inhibits patients from participating in the community and socializing and leads them to severe depression. Colostomy is required for patients with low rectal cancer. Perineal colostomy stoma in situ is more acceptable than abdominal stoma to patients, but incontinence becomes a problem for them. Antegrade continence enema was first used in 1990 for the treatment of pediatric refractory fecal incontinence, and it resulted in a good quality of life for those concerned.
We were interested in whether patients with perineal colostomy stoma in situ would benefit from antegrade continence enema. Since January 2008, five patients with ultra-low rectal cancer underwent the following procedures according to their own wishes at the First Affiliated Hospital, College of Medicine, Zhejiang University: Miles' surgical resection of the tumor and anus without creation of an abdominal wall stoma, perineal colostomy, and orthotopic anus operation. Meanwhile, a port serving as a hidden umbilicus for antegrade enema purposes was made approximately 8 cm from the ileocecal transection of the ileum and distal ileum after shaping and proximal end-to-side anastomosis of the ileum cecum was performed. The functional results in and quality of life of the patients were recorded.
Materials and Methods

Patients
Five patients (two men and three women) ranging in age from 27 to 63 years (mean=52.6 years) who underwent abdominoperineal resection and digestive reconstruction by perineal colostomy and Malone antegrade continence enema (MACE) for cancer were selected for this study. These patients did not have distant metastasis and did not undergo chemotherapy, traditional Chinese medicine treatment, and any other adjuvant therapy prior to their surgery. They were subjected to blood stool and rectal examinations. Their tumors were located less than 5 cm from the anal margin. This study was conducted in accordance with the declaration of Helsinki. This study was conducted with approval from the ethics Committee of First Affiliated Hospital of Zhejiang University. Written informed consent was obtained from all participants.
Operation
The patients were operated in the same manner. Their tumor and anus were first removed using conventional Miles' operation. An abdominal stoma was not created, but their sigmoid colon and perineal skin were sutured with perineal colostomy to rebuild an orthotopic anus (Fig. 1 ). An appendectomy was simultaneously performed to prevent postoperative appendicitis from occurring. An ileostomy was then conducted following the method described by Christensen et al. [1] : 8-10 cm of the ileocecal segment was disarticulated (with adjustments in the abdominal wall according to different thickness levels) (Fig. 2) ; part of the bowel was removed longitudinally with a linear stapler after a 16-F catheter had been inserted into the distal ileum, to rebuild the appendix (Fig. 3) ; proximal ileum and ileocecal side anastomosis was performed; the umbilicus was cut to the right size; and the rebuilt appendix was pulled out of the stoma across the umbilicus (Fig. 4) . The operating time lasted for an average of 4.9 h, of which 1.3 h was allotted for ileostomy (including disinfection of the cecum and terminal ileum). The average blood loss was approximately 400 mL. Lymph node enlargement was apparent during the intraoperative exploration of the mesenteric system in three patients.
Results
General Data
None of the patients died during surgery. Postoperative wound infection occurred in one male patient, but it healed after 3 weeks of dressing treatment. Postoperative urinary retention that gradually improved via indwelling catheterization occurred in two patients; they were discharged after 4 weeks. The average exhaust time was 5 days after the operation, and bowel movement was documented after 2 days of eating. Antegrade continence enema started 9 days after the operation using 2,000 mL of warm saline for 5 days and 1,000 mL thereafter. Two weeks later, the stoma catheter was removed after lavage. After 4 days of lavage therapy, each patient's flushing tube gradually slid into the distal colon with peristalsis, causing it to be inserted too deep. Then, after 2 days of washing, flushed water directly flowed out of the anus without feces, which flowed out after flushing. We thus pulled out the flushing tube and conducted recatheterization for flushing (general information and surgical data for the five patients are shown in Tables 1 and 2 ).
Follow-up
The maximum postoperative time was 17 months. A male patient went to the hospital after 45 days because of stoma vegetation. Examination revealed that the right side of the umbilicus had a proliferation of granulation tissue measuring approximately 0.4 cm with no significant stoma stenosis and no effect on intubation. This patient did not receive treatment. A patient presented with movement to the vaginal wall after 1 year, was readmitted, and underwent local excision surgery. Two female patients with pathological stage T 3 N 1 M 0 are currently undergoing intravenous chemotherapy. Each patient Fig. 1 After resection of the tumor and anus using conventional Miles' operation, perineal sigmoidostomy was performed to reconstruct an orthotopic "anus" was followed up by phone monthly, and their outcomes were quantified using a slightly modified Schdl scoring system ( Table 3) . The results are shown in Table 4 .
Discussion
Although surgical techniques have made great progress in recent years, our team pioneered the colon bypass technology [2] , which preserves the anus down to 5 cm from it. However, preserving the anus of patients with ultra-low rectal cancer remains challenging, and Miles' operation is still the gold standard for treating ultra-low rectal cancer and anal cancer. Colostomy after Miles' operation changes the normal anatomy and physiology of patients, making daily living difficult for them and thus inhibiting them from participating in social activities as well as subjecting them to severe depression. Although the relevant technology continues to improve ostomy care, which enhances the postoperative quality of life of patients, surgeons should still seek new techniques. Many scholars [3] [4] [5] [6] remain persistent in their practice by adopting various methods to reconstruct the anal sphincter and anus in situ. Considering the poor efficacy of treatments and numerous complications, some patients need to be diverted to the Malone operation to solve their bowel problems by antegrade enema. We have also investigated potential treatments for low rectal cancer by attempting gracilis anal sphincter and gluteus maximus flap anal sphincter reconstructions, but we obtained negative outcomes. Some foreign centers adopt gracilis muscle transplantation to reconstruct the anus with pacemakers, resulting in their spending much time and money with inexpensive antegrade enemas to address defecation. The creation of an artificial anus has been reported with success, with the first case having exhibited the absence of abscess and colonic necrosis. Madoff [7] and other scholars have reported their successful experience with nearly ten cases of artificial anus surgery, but most of these patients will require enemas for their defecation disorders after surgery.
Schmidt [8] first proposed perineal colostomy in 1982, with the surgery aiming to conform to the physiological anatomy of the digestive tract; however, given the lack of bowel and sphincter sensors, it could not control defecation. Nevertheless, Schmidt added that perineal colostomy with retrograde enema effectively controlled incontinence, with its efficiency and patient satisfaction in 1 year being 59 % and approximately 85 %, respectively. Thirty years ago, a patient admitted to our hospital refused to have an abdominal stoma and opted for Fig. 2 An appendectomy was performed to prevent postoperative appendicitis. The ileum was transected about 8 to 10 cm away from the ileocecus, according to the distance from the ileocecus to the umbilicus perineal colostomy with retrograde enema. He survives to this day.
MACE was first introduced in 1990 by Malone et al. [9] . It was initially used to treat pediatric refractory fecal incontinence and constipation, including spina bifida, Hirschsprung's disease, and anorectal malformations with significant effects. This technique has since been applied to adults with spinal trauma or neurogenic incontinence. Christensen et al. [10] compared retrograde enema and Malone antegrade enema in adult neurogenic incontinence. They found that the latter type has an effectiveness of 87 %, is simple and non-time consuming, and yields high patient satisfaction, whereas retrograde enema only exhibits an effectiveness of 73 %, is time consuming, and yields low patient satisfaction. Malone antegrade enema can keep the colon empty, and the surgery is simple and effective, has a low incidence of complications, and represents the best way to control incontinence. A number of other scholars [11] [12] [13] [14] [15] also found that MACE achieves good results in the management of fecal incontinence. Patients with this special case lack the bowel receptors of the rectum and anal canal, as do those who undergo low rectal perineal colostomy after Miles' operation. Portier et al. [16] combined Miles' operation, perineal colostomy, and the Malone procedure in 18 patients: they used Miles' operation to remove the tumor and anus as well as perineal colostomy and established the ileocecal stoma as an antegrade enema channel at the same time. However, studies in China have not been reported to date.
Three kinds of antegrade enema stomas are commonly used as the channel: appendix stoma, intestinal ileocecal valve stoma, and ileostomy [1] . Portier et al. [17] compared the appendix stoma with ileostomy and found that the postoperative complications of colostomy, such as stenosis and abscess, are significantly higher in appendix stomas than in ileostomies, the reflux and water leakage are severe when rinsing, and some patients even require ileostomy surgery after appendectomy because of the postoperative complications of appendix stomas. Lawal [18] held that umbilical appendicostomy is feasible using a laparoscopic-assisted approach and significantly reduces the leakage rate. In addition, stomal stenoses may be lessened by a V-to-V umbilical-to-appendix anastomosis. Herndon [19] stated that a colon flap MACE conduit can be a good option when the appendix is not available (such as in appendicovesicostomy, Fig. 3 Distal ileum was narrowed by removing part of the intestinal wall short appendix, shortened mesentery, retrocecal appendix, prior appendectomy, and right hemicolectomy). Lefevre et al. and other scholars [11, [20] [21] [22] ] also compared these three methods, with their results indicating that ileostomy is the best method. Therefore, we chose ileostomy and followed the specific surgical procedure described by Christensen et al. [1] We also found Fig. 4 An end-to-side ileocecostomy was performed. The narrowed distal ileum and the umbilicus were anastomosed for postoperative gut irrigation that the stoma automatically shuts down when the flushing tube is removed after lavage based on the anti-reflux effect of the ileocecal valve and that basically there will be no fecal spill, which are much better than the results observed for the appendix stoma. Lefevre et al. [11] kept the catheter placed on the location of the stoma in operation for 3 weeks and started antegrade continence enema after 2 weeks by rinsing with tap water in the range of 500-1,000 mL. Portier et al. [16] started retrograde enema 5 days after the operation with 500-1,000 mL of water for 4 days and then initiated antegrade continence enema. We started antegrade continence enema 9 days after the operation using 2,000 mL of warm saline for 5 days and then 1,000 mL thereafter. Two weeks after the operation, we removed the catheter in the stoma after lavage. During lavage (30 min on average), the five patients did not experience any discomfort; at 24 h, they discharged liquid stool.
Portier et al. [12] reported that ileostomy is a simple operation whose total operating time does not increase much but that it is associated with such complications as stoma stenosis and reflux leakage when flushing. By contrast, we found that the total operating time increased by one third more than that of traditional surgery, which can be attributed to the lack of skills of the surgeons, the temporary steps that had to be considered (e.g., disinfection of ileocecal and terminal ileum and catheter placement and fixation), and the need for an additional appendectomy. Complications in our patient group will be followed up over the long term.
Current anal sphincter preservation technology in rectal cancer continues to progress, and many patients with ultralow rectal cancer have benefitted from coloanal anastomosis technology. However, we believe that more focus should be given to quality of life rather than to the rate of anal sphincter preservation to determine the success of tumor treatment. The postoperative quality of life of patients with coloanal anastomosis will not be all satisfactory, perhaps because a uniform standard to evaluate the quality-of-life outcomes of coloanal anastomosis, traditional Miles' operation, and the new version of Miles' operation does not exist. Therefore, whether the modified operation described herein is comparable with the conventional one remains unknown. Despite this, compared with the traditional operation, the new version of Miles' operation not only can eliminate both physical and psychological suffering but also may significantly reduce health care costs (with its annual postoperative cost being 100 RMB compared with that of approximately 3,000 RMB for colostomy bags alone under traditional Miles' operation). Advances in biotechnology, microelectronics, and intelligent technology will potentially ensure the success of the use of artificial anal sphincters and rebuilding the anus in situ. For now, MACE associated with abdominoperineal resection and perineal colostomy is still the best choice for patients with ultra-low rectal cancer who are not agreeable to a permanent abdominal stoma. 
